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We report high-resolution dilatometry on high-quality single crystals of NiTiO3 grown by means
of the optical floating-zone technique. The anisotropic magnetic phase diagram is constructed from
thermal expansion and magnetostriction studies up to B = 15 T and magnetisation studies in static
(15 T) and pulsed (60 T) magnetic fields. Our data allow to quantitatively study magneto-elastic
coupling and to determine uniaxial pressure dependencies. While the entropy changes are found
to be of magnetic nature, Gru¨neisen analysis implies only one relevant energy scale in the whole
low temperature regime. Thereby, our data suggest that the observed structural changes due to
magneto-elastic coupling and previously reported magnetodielectric coupling [1] are driven by the
same magnetic degrees of freedom that lead to long-range magnetic order in NiTiO3, which, in turn,
establishes a linear magnetodielectric coupling in this compound.
PACS numbers:
I. INTRODUCTION
The search for new multiferroics, i.e., materials con-
comitantly exhibiting various ferroic orders such as mag-
netic and electric order coupled to each other [2], has
revived interest in the family of ilmenite-structured com-
pounds. There are various titanates MTiO3 (M = Mn,
Fe, Co, Ni) which crystallize in the ilmenite structure
within the space group R-3. The crystal structure con-
sists of alternate layers of corner sharing TiO6 and MO6
octahedra stacked along the c-axis [3]. Previous mag-
netic [4–6] and powder neutron diffraction studies [7–
10] report that long range antiferromagnetic (AFM) or-
der evolving at low temperatures is of the G-type for
MnTiO3, and of the A-type for FeTiO3, CoTiO3 and
NiTiO3. In the ordered phase, the magnetic moments
associated with M2+-ions are collinearly arranged along
the c-axis in MnTiO3 and with a slight spin tilting of
1.6 ° away from the c-axis in FeTiO3. The easy-plane-
type AFM order in CoTiO3 and NiTiO3 is characterised
by spins lying in the ferromagnetic ab-layers which are
aligned antiferromagnetically along c. In FeTiO3, the
onset of long range magnetic order, at TN, is associated
with significant changes of the lattice parameters indicat-
ing magneto-elastic coupling [10]. Magnetodielectric and
polarization measurements on MnTiO3 show an anomaly
in the dielectric permittivity, , at TN, while finite polar-
isation is found in applied external magnetic fields indi-
cating that it may realise a linear magnetoelectric mate-
rial [11]. Both in CoTiO3 and NiTiO3, anomalies in  at
TN and a strong field dependant magnetocapacitance in
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the ordered state indicate the presence of large magneto-
dielectric coupling [1].
Despite clear evidence of pronounced magneto-
dielectric coupling in all known MTiO3, its origin and
mechanism have not yet been elucidated. In order to
address this question, we have grown sizeable, high-
quality single crystals of NiTiO3 by means of the optical
floating-zone technique under various atmospheres and
at different pressure. The single crystals were used for
high-resolution studies of thermal expansion and magne-
tostriction along the crystallographic a- and c-axis, re-
spectively. In addition, comparing the magnetic length
and entropy changes as detected by thermal expansion
coefficients and specific heat allow determining the uniax-
ial pressure dependencies by means of Gru¨neisen scaling.
Moreover, these results as well as magnetisation studies
in static (15 T) and pulsed (60 T) magnetic fields give
access to the anisotropic phase diagram in NiTiO3.
II. EXPERIMENTAL METHODS
NiTiO3 powder was prepared via standard solid-state
reaction of stoichiometric amounts of NiO and TiO2 be-
tween 1150 and 1350 °C with several intermediate grind-
ing steps. The powder was made into rods of length
10 cm and 5 mm in diameter by hydrostatically pressing
the powders at 700 bar and annealing them for 24 h at
1350 °C. Single crystals of NiTiO3 were grown in a four-
mirror optical floating-zone furnace (Crystal system cor-
poration, Japan) equipped with 4×150 W halogen lamps
at IISER Pune and in a two mirror high-pressure opti-
cal floating-zone furnace (HKZ, SciDre) equipped with a
3500 W Xe arc lamp at Heidelberg University. Macro-
scopic single crystals were grown at 3 mm/h under vari-
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2ous atmospheres and up to 5 bar pressure. Phase purity
of the powder and the ground single crystals was studied
by means of powder X-ray diffraction measurements on
a Bruker D8 Advance ECO diffractometer with Cu-Kα
source. Laue diffraction in back scattering geometry was
performed to study the crystallinity and to orient the sin-
gle crystals. Structural Rietveld refinements were carried
out using the Full Prof suite 2.0[12].
Static magnetisation χ = M/B was studied in mag-
netic fields up to 15 T applied along the principal crystal-
lographic axes by means of a home-built vibrating sam-
ple magnetometer [13] (VSM) and in fields up to 5 T in
a Quantum Design MPMS-XL5 SQUID magnetometer.
Pulsed-magnetic-field magnetization was studied up to
60 T at Helmholtz Zentrum Dresden Rossendorf by an
induction method using a coaxial pick-up coil system [14].
The pulse raising time was 7 ms. The pulsed-field magne-
tization data were calibrated using static magnetic field
measurements. Specific heat measurements at 0 T and
9 T has been done in a Quantum Design PPMS using a
relaxation method. The relative length changes dLi/Li
were studied on a cuboid shaped single crystal of dimen-
sions 2 × 1.85 × 1 mm3. The measurements were done
by means of a three-terminal high-resolution capacitance
dilatometer [15]. In order to investigate the effect of
magnetic fields, the linear thermal expansion coefficient
αi = 1/Li · dLi(T )/dT was studied in magnetic fields up
to 15 T. In addition, the field induced length changes
dLi(B)/Li were measured at various fixed temperatures
in magnetic fields up to 15 T and the longitudinal magne-
tostriction coefficient λi = 1/Li ·dLi(B)/dB was derived.
The magnetic field was applied along the direction of the
measured length changes.
III. NITIO3 SINGLE CRYSTAL GROWTH
Single crystals of NiTiO3 were grown by the optical
floating-zone method using polycrstalline feed and seed
rods as starting material. The phase purity of the NiTiO3
powders used for making the feed and seed rods has
been studied by means of powder XRD after each sin-
tering step. Rietveld refinement of these data indicates
the presence of ilmenite phase (R-3) as well as an addi-
tional (≈1%) TiO2 (rutile) phase. In order to achieve
phase pure high-quality single crystals, a variety of crys-
tal growth experiments were performed under different
atmosphere and pressure and by means of both the four-
mirror (CSC, horizontal configuration) and two-mirror
(HKZ, vertical configuration) [16–20] high-pressure opti-
cal floating-zone furnaces. The optimized growth param-
eters employed during crystal growth are listed in Table
I.
Depending on the growth parameters, the processes
summarized in Table I yield mm- to cm-sized single crys-
tals. Fig. 1a shows a representative NiTiO3 boule grown
in air at ambient pressure. The shiny surface of the grown
boule indicating the presence of single crystal of several
FIG. 1: (a) Picture of a shiny NiTiO3 boule grown in air
atmosphere at ambient pressure, (b) Rietveld refinement fit
of the room temperature XRD data of a powdered NiTiO3
single crystal. The observed diffraction pattern is shown in
black, calculated pattern in red and the difference between
the observed and the calculated pattern is shown in blue.
The upper vertical ticks in green denote the allowed Bragg
positions of the ilmenite phase and the lower ticks denote the
Bragg positions of TiO2 in rutile phase. (c) Representative
Laue pattern of the NiTiO3 single crystal oriented along (010)
direction.
TABLE I: Growth parameters, lattice parameters and phase
analysis from the Rietveld refinement of the room temper-
ature powder XRD data of crushed NiTiO3 single crystals.
Feed and seed rods were counter-rotated at the same rotation
speed.
furnace CSC CSC HKZ
atmosphere O2 air Ar
pressure ambient ambient 5 bar
growth rate (rpm) 3 3 4-6
rotation speed (mm/h) 20 10 15
latt. parameter a (A˚) 5.0304 5.0304 5.0304
latt. parameter c (A˚) 13.7881 13.7845 13.7862
crystal size cm cm mm
secondary phase (appr.) 1% TiO2+NiO 1% TiO2 1% NiO
cm in length. Rietveld refinement of powder XRD data
of the ground and pulverized single crystalline pieces ex-
tracted from the boules (see Fig. 1b and Table I) im-
plies the main ilmenite phase as well as an impurity
TiO2 phase of about 1 %. When grown in O2 atmo-
sphere, there is also an additional NiO phase. In or-
3der to further investigate the growth process of NiTiO3
and to reduce the secondary phase content, NiTiO3 was
also grown under 5 bar pressure in Ar atmosphere. In
this case, the resulting boule is mostly of polycrystalline
nature with only mm-sized shiny single crystalline re-
gions towards the end of the boule. Phase analysis of a
single crystalline piece extracted from this region shows
the presence of about 1 % NiO secondary phase while
the TiO2 phase is absent. We conclude that inert at-
mosphere does not support optical floating-zone-growth
of NiTiO3 single crystals. For the magnetic studies pre-
sented below, we employ crystals grown in air as they
exhibit only a small non-magnetic impurity phase. Laue
diffraction performed at several spots along the length
of grown boules confirm the presence of macroscopic cm-
sized single crystalline grains with high crystallinity (see
Fig. 1c). For the measurements reported below, a cuboid
shaped single crystal of dimensions 2× 1.85× 1 mm3 has
been extracted from the boule grown in air and oriented
along three principal crystallographic directions.
IV. EXPERIMENTAL RESULTS
A. Magneto-elastic coupling
The onset of long range antiferromagnetic order in
NiTiO3 at TN = 22.5(5) K is associated with pronounced
anomalies in magnetic susceptibility and specific heat
(Fig. 2). For T ≤ TN, the susceptibility is anisotropic
with a decrease for magnetic fields B applied in the ab-
plane and attaining a constant value for B||c-axis sug-
gesting an easy-plane-type antiferromagnet. This is in
accordance with the previous studies [5, 7]. At high
temperatures, the susceptibility is isotropic and obeys
a Curie-Weiss behaviour. Fitting the averaged suscep-
tibility (inset to Fig. 2a) at T > 100 K by means of a
Curie-Weiss-like law χ = χ0 +NAµ
2
eff/3kB(T −Θ) yields
χ0 = 1.93 × 10−4, the effective magnetic moment µeff
= 3.17(5) µB and the Weiss temperature Θ = −11(1) K.
Using the spin-only value S = 1 for Ni2+, implies an ef-
fective g-factor of 2.24(4). Note, that our measurements
yield a smaller value than µeff = 4.01 µB previously re-
ported for a single crystal [5] but is similar to the values
reported for polycrystalline samples [1, 4].
The sharp λ-shaped anomaly in the specific heat
(Fig. 2b) confirms the onset of long-range magnetic order
at TN and also indicates high crystallinity of the single
crystal. Furthermore, the anomaly presents a continu-
ous nature of the phase transition. The phonon con-
tribution to the specific heat (cphp ) has been estimated
by fitting the cp data at temperatures well above TN by
an extended Debye-model which includes both Debye-
and Einstein-terms [21]. The model fits very well for
temperatures above about 50 K and yields characteris-
tic Debye- and Einstein-temperatures of ΘD = 786 K
and ΘE = 230 K, respectively. The sum of the ob-
tained coefficients of the individual terms nD = 3.94 and
FIG. 2: (a) Temperature dependence of the static magnetic
susceptibility χ = M/B at B = 1 T applied along the main
crystallographic directions and (b) temperature dependence
of the specific heat cp in zero magnetic field. The solid line
in (b) indicates the phonon specific heat cphp obtained by fit-
ting cp data with a combined Debye- and Einstein-model well
above the magnetic ordering transition (see the text). Insets:
(a) Curie-Weiss fit (dashed line) to the inverse averaged sus-
ceptibility 1/χav. (b) Magnetic entropy changes obtained by
integrating (cp-c
ph
p )/T .
nE = 0.94 reasonably agrees to the expected value of
5 which reflects the number of phonon modes given by
the number of atoms per formula unit. Integrating the
magnetic specific heat (cp-c
ph
p )/T yields a total magnetic
entropy change Smag = 9.1(1) J/(mol K) which agrees to
the theoretically expected value for S = 1 Ni2+ spins of
R ln(3) = 9.13 J/(mol K). We conclude that the entropy
changes are of magnetic nature. The measured entropy
changes imply that nearly 20% of magnetic entropy is
consumed between TN and 50 K, suggesting the presence
of short-range magnetic correlation persisting up to tem-
peratures as high as twice the ordering temperature.
The evolution of long range magnetic order is associ-
ated with pronounced length changes as illustrated by
strong anomalies in the uniaxial thermal expansion co-
efficients αi (i = a, c) and in the relative length changes
dLi/Li (Fig. 3). The anomalies demonstrate the pres-
ence of significant magneto-elastic coupling in NiTiO3.
The measured relative length changes shown in the in-
set of Fig. 3 signal shrinking of the c-axis and increase
of the a-axis upon evolution of magnetic order at TN.
Thus, the signs of the anomalies indicate positive uni-
4FIG. 3: Thermal expansion coefficients αi along the crystal-
lographic a- and c-axes and the volume thermal expansion
coefficient αV. The inset shows the relative length changes
dLi/Li. Dashed lines mark TN.
axial pressure dependence of TN for pressure along c-
axis, i.e ∂TN/ ∂pc > 0, whereas the anomaly in αa indi-
cates ∂TN/ ∂pa being negative and considerably smaller.
The anomaly in the volume thermal expansion coefficient
αV = αc + 2αa implies a significant positive hydrostatic
pressure dependency of TN. In addition, opposite sign of
the anomalies in αa and αc allows to conclude that effects
in the thermal expansion associated with magnetic order
extend up to about 50 K which agrees to the temperature
regime where magnetic entropy changes mark the onset
of short-range magnetic correlations.
B. Magnetic phase diagram
The saturation fields and moments at T = 1.5 K are
deduced from pulsed-field magnetisation studies up to
60 T which are shown in Fig. 4a. For both field direc-
tions B||c and B||a, the magnetisation shows a linear be-
haviour in a wide range of applied fields. The saturation
fields nearly coincide and amount to Bsat = 36.0(5) T.
Also the saturation magnetisations as indicated by the
dashed horizontal lines in Fig. 4a agree within error bars
at Msat = 2.23(5) µB/f.u.. Assuming the spin-only mo-
mentum S = 1 yields a g-factor of 2.23(5) which agrees
well with the value of 2.24(4) derived from the Curie-
Weiss fit to the static magnetic susceptibility presented in
Fig. 2. A more detailed look at the low-field behaviour in
Fig. 4b, at T = 2 K, confirms that linearity of M vs. B||c
extends to zero magnetic field while non-linear behaviour
is observed when the magnetic field is applied along the
a-axis. To be specific, the derivative of the magnetization
with respect to magnetic field shows a broad peak cen-
tered at B∗ = 1.20(5) T and subsequently a constant be-
haviour (see Fig. 4b). The data suggest spin reorientation
FIG. 4: (a) Pulsed-field magnetization M at T = 1.5 K, (b)
quasi-static field magnetisation M and magnetic susceptibil-
ity ∂M/∂B vs. magnetic field along the a- and c-axes, at
T = 2 K, (c) and (d) static magnetic susceptibility χ = M/B
vs. temperature for magnetic fields up to 15 T applied along
the a- and c-axes, respectively.
which we attribute to finite anisotropy in the ab-plane.
At T = 2 K, the magnetisation jump at B∗ is estimated
to ∆M ≈ 0.03 µB/f.u. Remaining slight non-linearity
above B∗ is indicated by the static magnetic suscepti-
bility measured in magnetic fields up to 15 T (Fig. 4c
and d). While there is no significant field effect for T >
TN, the data exhibit a monotonous change for T < TN
at applied fields B ≥ 3 T as compared to B = 1 T.
Overall, the data confirm spin-reorientation behaviour
as for B ≥ 3 T (i.e., above B∗) the susceptibility attains
an almost constant value below TN whereas it decreases
sharply for B||a = 1 T. In addition, the phase bound-
ary TN(B) marked as peak in the static susceptibility is
determined.
Sharp lambda-shaped anomalies observed in αi (i =
a, c) in external magnetic fields (Fig. 5) enable to fur-
ther determine the phase boundaries and to study the
magnetic field effect on the lattice parameters. While
5FIG. 5: Thermal expansion coefficients αi at magnetic fields
between 0 T and 15 T applied along the a- and c-axes, re-
spectively, of NiTiO3. Insets show the corresponding relative
length changes shifted with respect to each other by means of
magnetostriction curves, at T = 30 K.
the shape of the anomalies is not significantly affected
by magnetic fields, TN expectedly shifts to lower temper-
atures upon application of external magnetic fields. For
both field directions, a similar shift of ∆TN ≈ 1.5 K is
observed when applying B = 15 T. This corroborates
well with the magnetization data in Fig. 4c,d and signals
overlying phase boundaries for B applied along the a- and
c-axis, respectively (see Fig. 6). Corresponding anoma-
lies signalling TN(B) (or synonymously the temperature
dependence of the critical field Bc(T ) which signals melt-
ing of magnetic order, too) appear in the relative length
changes versus magnetic field (Fig. 7, see below) and in
the magnetostriction coefficients (see supplement Fig. S1)
and enable constructing the magnetic phase diagram dis-
played in Fig. 6. Up to 15 T, TN(B) obeys a square-root
behaviour.
The thermal expansion in magnetic field and the mag-
netostriction data in Figs. 5 and 7, respectively, show
small increase of the a-axis and decrease of the c-axis in
magnetic fields applied in the respective directions. In-
terestingly, except for effects associated with suppression
FIG. 6: Magnetic phase diagram of NiTiO3 constructed from
magnetisation M(T ,B), dilatometry L(T ,B) and specific heat
data. Closed (open) markers correspond to magnetic fields
applied along the a-axis (c-axis). Lines are guides to the eye.
AFM, SR, PM label the antiferromagnetically ordered, spin-
reoriented and paramagnetic phases respectively.
of TN, there are no large length changes dLc driven by
B‖c ≤ 15 T. Correspondingly, the magnetostriction λc,
at 2 K (see supplement Fig. S1), is small and amounts
to a few 10−7 T−1 only. While a similar behaviour
is found for λa at B‖a & 5 T, there are pronounced
length changes at low fields which we associate with spin-
reorientation. The corresponding half height of these
jump-like anomalies in dLa/La is at consistent fields as
the peak in ∂M/∂B and yields B∗ (see Fig. 6). No-
tably, these field-induced changes imply that the total
thermal expansion changes in the magnetically ordered
phase become considerably larger in applied magnetic
fields (see the inset of Fig. 5a). Quantitatively, spin-
reorientation at 2 K is associated with length changes of
∆La/La ≈ 4.8 · 10−5. Upon heating, the size of mag-
netostriction decreases but, nonetheless, significantly ex-
ceeds length changes observed at T >TN.
C. Discussion
Comparing the non-phononic contributions to the ther-
mal expansion coefficient and to the specific heat enables
further conclusions on the nature of the associated (i.e.,
magnetic) entropy changes and on the hydrostatic pres-
sure dependencies. In order to assess the magnetic contri-
bution to the volume thermal expansion coefficient, αmagV ,
we have approximated the phonon contribution, αphV , by
scaling the background specific heat cphp (cf. Fig. 2) ap-
propriately. For that purpose, a Debye-Einstein model
with fixed ΘD and ΘE of the fit to the specific heat data
has been fitted to the high-temperature data of αV leav-
6FIG. 7: Relative length changes versus magnetic field applied
along a- and c-axes at different temperatures.
ing only the two associated lattice Gru¨neisen parame-
ters γD and γE as scaling factors. Similar to the spe-
cific heat, at T & 50 K, αV is well described by the
phonon background αphV with γD = 2.8×10−7 mol/J and
γE = 2.3× 10−7 mol/J as shown in the inset of Fig. 8.
The resulting non-phonon contribution αmagV to the
thermal expansion coefficient is shown in Fig. 8a (right
ordinate) together with the respective magnetic specific
heat data cmagp (left ordinate). Both quantities are pro-
portional to each other in the entire temperature range.
In the sense of a Gru¨neisen analysis, such behaviour im-
plies the presence of a single dominant degree of freedom
from which we conclude that a single magnetic degree of
freedom drives the observed non-phonon length and en-
tropy changes. The corresponding scaling parameter ob-
tained is the magnetic Gru¨neisen parameter γm = α
mag
V /
cmagp = 1.18(3) × 10−6 mol/J. Using the Ehrenfest rela-
tion, the obtained value of γm enables to determine the
hydrostatic pressure dependence dTN/dp = TNVmγm =
1.12(4) K/GPa which is deduced using the molar volume
of Vm = 42.01 cm
3/mol. Elaborating Gru¨neisen scaling
for the uniaxial thermal expansion coefficients individu-
ally, good proportionality is confirmed between cmagp and
FIG. 8: Gru¨neisen scaling of the magnetic contributions to the
heat capacity (cmagp ) and (a) volume thermal expansion coef-
ficient (αmagV ). The inset shows αV vs. temperature together
with a combined Debye-Einstein fit to the high-temperature
data (see the text). (b) Gru¨neisen scaling with uniaxial ther-
mal expansion coefficients αa and αc.
αmaga and α
mag
c as well (Fig. 8b). This yields the uniax-
ial pressure dependencies of dTN/dpa = −0.21(3) K/GPa
and dTN/dpc = 1.51(7) K/GPa for pressure applied along
the a- and c-axis, respectively. These values are fully
consistent with the obtained hydrostatic pressure depen-
dence.
Magnetostriction measurements in the paramagnetic
regime, i.e., where M = χB, enable to extract the uni-
axial pressure dependence of magnetic susceptibility by
exploiting the relation dLi/Li = −1/2V ∂χi/∂piB2 [22].
Plotting the data accordingly (see supplement Fig. S2)
allows to read off ∂(lnχa)/∂pa = −1.3 % GPa−1 and
−0.8 % GPa−1 at 30 and 65 K, respectively, as well
as ∂(lnχc)/∂pc = +3.1 % GPa
−1 and +2.2 % GPa−1
at respective temperatures. Qualitatively, this suggests
AFM exchange interactions to be strengthened and FM
ones to be weakened by uniaxial pressure along the a-
axis. While, uniaxial pressure along the c-axis is found
to result in opposite effects. Considering the results of
Gru¨neisen analysis presented above, i.e., predominance
of only one energy scale as well as ∂TN/∂pa < 0 and
∂TN/∂pc > 0, suggests that the value of TN is mostly af-
fected by the (in-plane) FM exchange interactions. This
7is also reflected in the increase of TN and Weiss temper-
ature θ when substituting Ni over Co to Fe in MTiO3
whereby even θ > 0 is observed for FeTiO3 [4].
The phase boundary of spin-reorientation features a
very small slope ∂B∗/∂T ≈ 4 × 10−3 T/K. Consid-
ering the magnetisation jump ∆M at B∗ and exploit-
ing the Clausius-Clapeyron relation, we estimate asso-
ciated entropy changes ∆S∗ = −(∂T/∂B∗)−1 · ∆M∗ ≈
−8 × 10−4 J/(mol K) [23]. This implies only insignif-
icant entropy changes associated with spin reorienta-
tion. On the other hand, in applied magnetic fields B‖a,
our data show that the total thermal expansion changes
dLa/La in the magnetically ordered phase become signif-
icantly larger (see the inset of Fig. 5). This suggests that
Gru¨neisen scaling which is valid at B = 0 T as evidenced
by Fig. 8 is broken in magnetic fields B||a > B∗. Some-
how correspondingly, uniaxial pressure dependence of B∗
is very large. Using the measured jumps in relative length
changes (∆La/La) and magnetization (∆M) at B
∗ and
2 K and exploiting the Clausius-Clapeyron relation yields
∂B∗/∂pa = V · (∆La/La)/∆M ≈ 9.2 T/GPa. This is a
huge value similar to what has been observed, i.e., in
TlCuCl3 [22]. It implies strong effects of uniaxial pres-
sure along the a-axis so that applying pa would strongly
enhance the spin reorientation field while it would vanish
for tiny hypothetical negative pressure.
Above the TN, i.e., in the absence of long-range spin
order where short-range correlations are still present as,
e.g., indicated by the specific heat data, magnetostriction
is relatively large in NiTiO3. This observation agrees to
the fact that both λa and λc become significantly larger
when B exceeds Bc which appears at 21 K ≤ T ≤ 22.2 K
in the accessible field range (see Fig. 7 and supplement
Fig. S1). We conclude that, in a paramagnetic but yet
correlated regime, magnetic fields along the a- and the
c-axis, respectively, yield reorientation of spins which are
short-range ordered in this temperature and field ranges.
Recently, anomalies in the electrical permittivity  at
TN and strongly field-dependant magnetocapacitance
close to TN have been observed in polycrystalline NiTiO3
indicating the presence of significant magneto-dielectric
coupling [1]. The shape of the reported [1] temperature
dependence of  is very similar to the length and
volume changes observed by our thermal expansion
measurements (see supplement Fig. S3) indicating an
almost linear relation between electrical permittivity
and structural distortion below TN. Conclusively, (T )
and reported magneto-dielectric coupling are directly
related to the length changes and the magneto-elastic
coupling. Furthermore, driving entropy changes of the
low-temperature effects are purely of magnetic nature as
evidenced by Gru¨neisen analysis presented above. We
conclude that magneto-dielectric coupling is secondarily
mediated via structural changes and that magnetic
degrees of freedom constitute a single common origin for
the dielectric, structural and magnetic changes evolving
at and below TN in NiTiO3. Note, however, that
magnetocapacitance data on polycrystals (at T = 15 K)
do not show anomalies at B∗ though spin-reorientation
is associated with significant length changes. One might
speculate that the polycrystalline nature of samples
studied in Ref. 1 masks such effects.
V. SUMMARY
In summary, we report growth and characterization
of large and high quality NiTiO3 single crystals by
means of the optical floating-zone technique. The
anisotropic phase diagram is constructed by means of
pulsed and static magnetization, specific heat, thermal
expansion, and magnetostriction data. It features a spin-
reorientation transition at B∗||a ≈ 1.2 T which is ac-
companied by pronounced length changes. In addition,
high-resolution thermal expansion data are used for de-
tailed analysis of pronounced magneto-elastic coupling in
NiTiO3. Gru¨neisen scaling of the magnetic contributions
to cp and αV implies a single magnetic degree of freedom
driving the observed length and entropy changes at TN.
Our analysis suggests in-plane ferromagnetic interactions
mainly determine the value of TN. Relating our findings
to recently reported strong magnetodielectric effects in
NiTiO3 implies the essential role of structural changes for
magneto-dielectric coupling and suggests a single mag-
netic origin of low-temperature dielectric, structural and
magnetic changes in NiTiO3.
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